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1. Introduction
6LODJH LV DQLPDO IHHG ULFK LQ HVVHQWLDO QXWULHQWV
UHVXOWLQJ IURP IHUPHQWDWLRQ RI WKH FKRSSHG PDVV
RI GLIIHUHQW SODQW VSHFLHV E\ ODFWLF DFLG EDFWHULD
IHUPHQWDWLRQ LQ D JLYHQ WLPH SHULRG 7KH PDLQ
VXEVWUDWHV HVVHQWLDO IRU LQFUHDVLQJ RI ODFWLF DFLG
EDFWHULDLQQXPEHUDUHVXJDUV7KHVHEDFWHULDDUHRQH




VXJDUVZKLFKPDNHV WKHPGLI¿FXOW WR HQVLOH7KLV
FDQ EH RYHUFRPHE\PL[LQJ OHJXPHV DQG JUDVVHV
ZKLFKLQFUHDVHVWKHVXJDUFRQWHQWLQWKHVLORPDVV
WKXV DOORZLQJ HQVLOLQJ RI OHJXPHV 7KHUHIRUH WKH
FRPELQHG FXOWLYDWLRQ RI OHJXPHV DQG JUDVVHV LV
YHU\XVHIXOHYHQLWKDVVRPHGLI¿FXOWLHV+RZHYHU
WKHUH DUH PDQ\ IDFWRUV WKDW GLUHFWO\ RU LQGLUHFWO\
DIIHFW WKH IHUPHQWDEOH FKDUDFWHULVWLFV RI VLODJH





Lolium VSHFLHV KDYH D KLJK VXJDU FRQWHQW VR WKDW
WKHVH VSHFLHV PD\ EH DGGHG WR WKH VLOR PDWHULDO
RI ORZ IHUPHQWDEOH YDOXH &RFNVIRRW VLODJH DQG
PL[WXUHV RI FRFNVIRRW ZLWK OXFHUQH KDYH EHWWHU
TXDOLW\ FKDUDFWHULVWLFV WKDQ WKDW RI SXUH OXFHUQH
VLODJH+DQHWDOKDYHVKRZQWKDWVLODJHPDGH
IURPFRFNVIRRWDQGLWVPL[WXUHVZLWKOXFHUQHKDYH
D KLJKHU FRQWHQW RI IHUPHQWDEOH VXJDUV FRPSDUHG
WR OXFHUQHVLODJH LQ WZRFXWV7HVWLQJDPL[WXUHRI






OHJXPHV SURYHG WKDW ZKLWH DQG UHG FORYHU KDYH
KLJKHUIHUPHQWDEOHFRHI¿FLHQWWKDQOXFHUQH$SSOLHG
FXOWLYDWLRQ WHFKQLTXHV DQG SUDFWLFHV LQÀXHQFH WKH
IHUPHQWDEOHSURSHUWLHVRIFURSVDQGWKHFRQWHQWRI




QHJDWLYH HIIHFWV RI QLWURJHQ DUH UHÀHFWHG WKURXJK
LQFUHDVLQJLQWKHEXIIHUFDSDFLW\WKHFRQWHQWRIQRQ
SURWHLQQLWURJHQUHDGLO\VROXEOHQLWURJHQDQG1+17UHPEOD\ HW DO  UHGXFWLRQ RI IHUPHQWDEOH












2. Material and Methods




DV D UDQGRPL]HG FRPSOHWH EORFN GHVLJQZLWK IRXU
UHSOLFDWLRQV [ ,Q HDFK UHSOLFDWLRQ OXFHUQH
Medicago sativa ZDV VRZQ LQ PRQRFXOWXUH /
DQG LQ PL[WXUHV ZLWK JUDVVHV Dactylis glomerata 
and Festuca arundinaceaDQGVDLQIRLQOnobrychis 
sativa >/&OXFHUQH FRFNVIRRW  /&7
OXFHUQH FRFNVIRRW WDOO IHVFXH 
/&76OXFHUQH FRFNVIRRW WDOO IHVFXH VDLQIRLQ





VDPSOHV RI SODQW PDWHULDO ZHUH FROOHFWHG IURP 












LPPHGLDWHO\ DIWHU ¿OOLQJ $IWHU  GD\V VLODJHV
ZHUHRSHQHGDQGVDPSOHVZHUHWDNHQIRUFKHPLFDO
DQDO\VHV
2.2. Determination of silage quality
$IWHU WKH IHUPHQWDWLRQ SHULRG ODERUDWRU\ VLORV
ZHUH RSHQHG DQG WZR VDPSOHV RI VLODJH PDWHULDO
ZHUH WDNHQ IURP HDFK VLOR IRU FKHPLFDO DQDO\VLV
'U\PDWWHU FRQWHQWZDV GHWHUPLQHG E\ GU\LQJ WKH
VDPSOHVDW&RYHUQLJKW&UXGHSURWHLQFRQWHQW
ZDV GHWHUPLQHG DFFRUGLQJ WR .MHOGDKO $2$&
 /DFWLF DFLG /$ DQG YRODWLOH IDWW\ DFLGV
>DFHWLF$$DQGEXW\ULFDFLG%$@ZHUHTXDQWL¿HG
E\ D JDV FKURPDWRJUDSKLF V\VWHP *&
6KLPDG]X .\RWR -DSDQ HTXLSSHG ZLWK ÀDPH
LRQL]DWLRQGHWHFWRU DQGDXWR VDPSOHU DQG LQMHFWLRQ
V\VWHPXVLQJD1XNRO70PîPPîP
FDSLOODU\ FROXPQ 6XSHOFR 6LJPD$OGULFK &R
)DLWKIXOO$PPRQLDQLWURJHQZDVGHWHUPLQHG
XVLQJ WKHGLVWLOODWLRQPHWKRGXVLQJD.MHOWHF
DQDO\VHU DQG WKH S+ YDOXH ZDV PHDVXUHG ZLWK D
+DQQD ,QVWUXPHQWV +,  S+ PHWHU 6LODJH
TXDOLW\ FODVV ZDV GHWHUPLQHG E\ WKH )OLHJ VFRUH
.ÕOÕo  )OLHJ VFRUH  >îVLODJH GU\




7KH GDWD REWDLQHG ZHUH DQDO\VHG XVLQJ WZR
IDFWRULDO DQDO\VLV RI YDULDQFH $129$ DQG WKH
PHDQ GLIIHUHQFHV ZHUH WHVWHG ZLWK )LVKHU¶V /HDVW
6LJQL¿FDQW'LIIHUHQFH/6'WHVW6WDW6RIW
3. Results and Discussion
3.1. Impact of sward plant mixture
7KH VWUXFWXUH RI OXFHUQH PL[WXUHV GXULQJ WKH
UHVHDUFKFKDQJHG7DEOHGHSHQGLQJRQWKHVZDUG
PDWXULW\ FRPSHWLWLYH DELOLW\ RI VSHFLHV UHVLVWDQFH
WRYDULRXVFOLPDWLFFRQGLWLRQVDQGWKHLUUHVSRQVHWR
DSSOLHGPDQDJHPHQWSUDFWLFHV
Table 1- Botanical composition of grass-legume 
mixtures prior to cutting
dL]HOJH  dLP EDNODJLO NDUÕúÕPODUÕQÕQ ELoLP |QFHVL
ERWDQLNNRPSR]LV\RQODUÕ
2010 2011
L G W L G W
Mixture (M)
LC 61.0 37.9 1.1 57.7 31.2 2.2
LCT 64.7 34.7 0.6 64.0 34.6 1.4
LCTS 70.2 28.8 1.0 59.7 38.6 1.7
/OHJXPHV*JUDVVHV:ZHHGV
7KHJUDVVOHJXPHPL[WXUHVKDGQRVLJQL¿FDQW
LPSDFW RQ WKH FRQWHQW RI FUXGH SURWHLQ S+
RU )OLHJ VFRUH RI WKH UHVXOWDQW VLODJHV +LJKO\
VLJQL¿FDQW GLIIHUHQFHV RFFXUUHG LQ WKH FRQWHQW
RI1+1 ODFWLF DFHWLF DQG EXW\ULF DFLG 7DEOH 2QH RI WKH PRVW LPSRUWDQW SURSHUWLHV IRU
VXI¿FLHQW IHUPHQWDWLRQ LQ JUDVVHV DQG OHJXPHV




NJ HYHU\WKLQJ EH\RQG WKDW VKRXOG EH DYRLGHG










OXFHUQH VLODJH  J NJ'0 /XFHUQH VLODJH
KDGDVLJQL¿FDQWO\KLJKHUFRQWHQWRI$$DQG%$
FRPSDUHGWRWKHRWKHUVLODJHV
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OXFHUQHZLWKFRFNVIRRWDQGOXFHUQHZLWKFRFNVIRRW
DQGWDOOIHVFXH7KHFRQWHQWRI/$DVLQWKH¿UVW\HDU
RI WKH VWXG\ZDV WKHKLJKHVW LQ OXFHUQH±FRFNVIRRW






,Q WKH UHVHDUFK RI +HLNNLOl HW DO  WKH
DGGLWLRQ RI OHJXPHV WR WKH SODQW PL[WXUH UHGXFHG
WKH FRQWHQW RI 1+1 LQ VLODJH 7KHUHIRUH VLODJHREWDLQHG IURP WKHPL[WXUH RIPHDGRZ IHVFXH DQG
WLPRWK\KDGDKLJKHUFRQWHQWRI1+1WKDQJUDVV
FORYHU VLODJH  J NJ 71 DQG  J NJ 71
UHVSHFWLYHO\ +RZHYHU LQ UHVHDUFK E\ 2UR]FR
+HUQiQGH] HW DO  OXFHUQH VLODJH KDG D
VLJQL¿FDQWO\KLJKHUFRQWHQWRI1+1IURPDQGJNJ71LQUHODWLRQWRWLPRWK\VLODJHRIDQG
FRFNVIRRWRIJNJ71$FFRUGLQJWR/lWWHPlH
	7DPPWKHFRQWHQWRI1+1LQVLODJHIURPPL[HGVZDUGV LQFUHDVHV LI WKH OHJXPHVUDWLR LQ WKH
PL[WXUHLQFUHDVHV7KHSK\VLRORJLFDOFKDUDFWHULVWLFV
RI OHJXPHV WKH IDFW WKDW WKH\ FRQWDLQ PRUH 1
VXEVWDQFHV DQG JUDVVHV FRQWDLQ PRUH VROXEOH
VXJDUV FDQ H[SODLQ WKH VLJQL¿FDQW GLIIHUHQFHV LQ
DFLG FRQWHQWV EHWZHHQ OXFHUQH VLODJH DQG VLODJH
RI LWVPL[WXUHV :LOPDQ	:ULJKW  ,Q IDFW
Table 2- Impact of sward structure on grass-legume silage quality in 2010
dL]HOJH\ÕOÕQGDoLPEDNODJLONDUÕúÕPÕQGDoLP\DSÕVÕQÕQVLODMNDOLWHVL]HULQHHWNLVL
Mixture (M) LC LCT LCTS L
/HYHORIVLJQL¿FDQFH
M
'0JNJ     *
&3JNJ'0     ns
1+1JNJ71     **
/$JNJ'0     **
$$JNJ'0     **
%$JNJ'0     **
S+     ns
)OLHJVFRUH     ns
'0GU\PDWWHU&3FUXGHSURWHLQ71WRWDOQLWURJHQ/$ODFWLFDFLG$$DFHWLFDFLG%$EXW\ULFDFLGQVQRQVLJQL¿FDQW3
3
Table 3- Impact of sward mixture on grass-legume silage quality in 2011
dL]HOJH\ÕOÕQGDoLPEDNODJLONDUÕúÕPÕQGDoLP\DSÕVÕQÕQVLODMNDOLWHVL]HULQHHWNLVL
Mixture (M) LC LCT LCTS L
/HYHORIVLJQL¿FDQFH
M
'0JNJ     ns
&3JNJ'0     *
1+1JNJ71     **
/$JNJ'0     **
$$JNJ'0     ns
%$JNJ'0     ns
S+     ns
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+HLNNLOl HW DO  FRPSDULQJ WKH TXDOLW\ RI
VLODJHRIFORYHUJUDVVPL[WXUHVZLWKJUDVVPL[WXUHV









3.2. Impact of nitrogen fertilization and its 
interaction with sward mixtures on silage quality
1 IHUWLOL]DWLRQ KDG D VLJQL¿FDQW LPSDFW 3ޒ
RQWKHFRQWHQWRI1+1/$DQG%$7KHFRQWUROVLODJHKDGDVLJQL¿FDQWO\ORZHUFRQWHQWRI1+1LQFRPSDULVRQWRWKHRWKHUVLODJHVZKHUHDVWKHVLODJH
IHUWLOL]HGZLWKNJ1KDKDGVLJQL¿FDQWO\KLJKHU
1+1 FRQWHQW FRPSDUHG WR WKH VLODJHV ZKLFKUHFHLYHG OHVV1 7DEOH .HDG\	.LHO\ 
FRQFOXGHGWKDW1IHUWLOL]DWLRQKDVDGHWULPHQWDOHIIHFW
RQWKHTXDOLW\RIVLODJHEHFDXVHLWLQFUHDVHVWKHOHYHO












WR :HLVVEDFK  WKLV FRXOG EH H[SODLQHG E\
WKHIDFWWKDWFURSIHUWLOL]HGZLWK1DOZD\VFRQWDLQV
VRPHQLWUDWH7KDWQLWUDWHLVSDUWO\UHGXFHGWRQLWULWH
LQ WKHVLORZKLFKSURWHFWV VLODJH IURPEXW\ULFDFLG
IHUPHQWDWLRQ ,QWHUDFWLRQ RI LQYHVWLJDWHG IDFWRUV
E\LQFUHDVLQJVKDUHRI OHJXPHVLQ WKHPL[WXUHDQG










ZHUH DIIHFWHG GLIIHUHQWO\ *UDGXDO LQFUHDVH RI 1
IHUWLOL]DWLRQKDVLQFUHDVHGWKHFRQWHQWRIDFHWLFDFLG
DQG GHFUHDVHG WKH FRQWHQW RI ODFWLF DFLG LQ VLODJH
7KLV LV SUREDEO\ DVVRFLDWHG ZLWK WKH UHGXFWLRQ RI
Table 4- Impact of N fertilization on grass-legume silage quality in 2010
dL]HOJH\ÕOÕQGD1JEUHOHPHVLQLQoLPEDNODJLONDUÕúÕPÕQGDVLODMNDOLWHVL]HULQHHWNLVL
N fertilization (N)  0  70  140  210 /HYHORIVLJQL¿FDQFHkg N ha-1 N Interaction MxN
'0JNJ     ns ns
&3JNJ'0     ns ns
1+1JNJ71     ** **
/$JNJ'0     ** **
$$JNJ'0     ns **
%$JNJ'0     ** **
S+     ns ns
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KHUEDJH ZDWHU VROXEOH FDUERK\GUDWHV LQ QLWURJHQ
WUHDWPHQWV :6& SUHHQVLOLQJ .LQJ HW DO 





7KH UHVXOWV RI WKH SUHVHQW VWXG\ LQGLFDWH WKDW
QLWURJHQIHUWLOL]DWLRQKDGQRHIIHFWRQWKHS+YDOXH




QDWXUH ,Q WKH SUHVHQW VWXG\ WKH ODFN RI HIIHFW RI
1 IHUWLOL]DWLRQ RQ WKH S+ RI VLODJH DFFRUGLQJ WR
WKH .HDG\ HW DO  FRXOG EH H[SODLQHG E\ DQ
LQFUHDVH LQ WKH FUXGH SURWHLQ FRQWHQW IUDFWLRQ RI
WKHKHUEDJHDWHQVLOLQJZLWKLQFUHDVLQJ1IHUWLOL]HU
UDWH%LMHOLüHWDO,QDVVHVVLQJWKHTXDOLW\RI
VLODJH DFFRUGLQJ WR )OLHJ WDNLQJ LQWR DFFRXQW WKH
GU\PDWWHUFRQWHQWDQGS+ VLODJHVZHUH VKRZQ WR
EHLQÀXHQFHGE\IHUWLOL]DWLRQWUHDWPHQWEHWWHULQWKH
¿UVWWKDQLQWKHVHFRQG\HDURIWKHVWXG\
7KH DPRXQW RI 1+1 LQ SXUH OXFHUQH VLODJHPL[WXUHV WKHUHRI DQG IURP GLIIHUHQW IHUWLOL]DWLRQ
WUHDWPHQWVLVXVXDOO\DERYHWKHHVWDEOLVKHGYDOXHVRI
JNJ71IRUKLJKTXDOLW\VLODJHV&RQVLGHULQJ
WKLV IDFW LQ WKH HYDOXDWLRQ RI WKH VLODJH TXDOLW\ LW
ZRXOGEHEHQH¿FLDOWRXVHDVFRUHWKDWLQFOXGHVWKLV





LPSDFW 3 RQ1+1 DQG YRODWLOH IDWW\ DFLGFRQWHQWV/XFHUQHDQGPL[WXUHVLODJHVZLWKDKLJKHU
VKDUHRIOHJXPHVKDGKLJKHUFRQWHQWVRI1+1$$DQG%$DQGORZHUFRQWHQWVRI/$LIIHUWLOL]HGZLWK
KLJK UDWHV RI 1 ZKLFK LV LQ DFFRUGDQFH ZLWK WKH
UHVXOWVRI.LQJHWDO
4. Conclusions
)OLHJ TXDOLW\ VLODJH VFRUH VKRZHG QR VLJQL¿FDQW
GLIIHUHQFH LQ WKH TXDOLW\ RI OXFHUQH VLODJH DQG LWV
PL[WXUHV ZLWK JUDVVHV +RZHYHU WKH FRQWHQW RI
WKH TXDOLW\ SDUDPHWHUV WKDW DUH QRW LQFOXGHG LQ WKH
DVVHVVPHQW LQGLFDWH WKDW WKH OXFHUQH VLODJH ZDV




WKDW DGGLQJ KLJK1 UDWHV GLPLQLVKHG WKH TXDOLW\ RI
VLODJHWKH\GLGDFWQHJDWLYHO\RQWKHFRQWHQWRIVRPH
TXDOLW\SDUDPHWHUV VXFKDV LQFUHDVLQJ WKH OHYHOVRI
1+1 DQG$$ DQG UHGXFLQJ WKH DPRXQWV RI /$&RQVLGHULQJ WKDW WKH PDLQ REMHFWLYH RI QLWURJHQ
IHUWLOL]DWLRQ LV REWDLQLQJ KLJK \LHOGV LQ RUGHU WR
PHHW WKH HFRQRPLF DVSHFW RI SURGXFWLRQ DQG VWLOO
JHW JRRGTXDOLW\ VLODJH LQ WKHSURGXFWLRQRI JUDVV
Table 5- Impact of N fertilization on grass-legume silage quality in 2011
dL]HOJH\ÕOÕQGD1JEUHOHPHVLQLQoLPEDNODJLONDUÕúÕPÕQGDVLODMNDOLWHVL]HULQHHWNLVL
N fertilization (N)  0  70  140  210 /HYHORIVLJQL¿FDQFH
kg N ha-1 N Interaction MxN
'0JNJ     ns ns
&3JNJ'0     ns ns
1+1JNJ71     ** **
/$JNJ'0     ** **
$$JNJ'0     ** **
%$JNJ'0     ns ns
S+     ns ns
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